Introduction
Dual antiplatelet therapy (DAPT) reduces the occurrence of both stent-related and spontaneous myocardial infarction (MI) after acute coronary syndrome (ACS). [1] [2] [3] However, this benefit is counterbalanced by an increase in bleeding. [2] [3] [4] Bleeding, which was historically considered an acceptable price to pay for antithrombotic therapy, has been recently shown to independently impact mortality, and a causal relationship is generally accepted, although mechanisms are not fully understood. [5] [6] [7] [8] International guidelines not only recommend at least 12 months of DAPT after ACS or coronary stent implantation, but they also encourage considering bleeding risk when selecting treatment duration. [9] [10] [11] [12] Adequately accounting for the efficacy on coronary thrombotic events and safety in medical decision-making on type and duration of antiplatelet therapy is challenging. 13 In light of recent clinical trial data with DAPT regimens beyond 1 year showing further reduction of ischaemic events at the price of a similar increase in bleeding, the number of patients who may qualify for longer-term DAPT is going to increase. 14, 15 Therefore, it is critical to understand the prognostic implications of MI, especially spontaneous MI, relative to bleeding in order to assist clinicians in selecting patients for more potent or prolonged antiplatelet treatment. Previous studies reported on the prognostic implications of in-hospital-largely procedural-bleeding vs. ischaemic events. 16, 17 However, the impact of spontaneous (i.e. non-procedural) bleeding occurring later during treatment has been less extensively investigated, 18, 19 and its effect on mortality, depending on the severity and how it compares with the mortality risks following an MI, remains unclear. In this analysis, using a large randomized clinical trial of patients with non-ST-segment elevation (NSTE) ACS with long-term followup, we aimed to assess the relative impact on all-cause mortality of MI and bleeding occurring late after the initial ACS presentation on all-cause mortality.
Methods

Patient population
The Thrombin Receptor Antagonist for Clinical Event Reduction in Acute Coronary Syndrome (TRACER) trial design and inclusion and exclusion criteria have been described previously. 20 In brief, TRACER was an international, prospective, randomized, double-blind trial of vorapaxar vs. placebo in patients hospitalized for NSTE ACS managed according to contemporary practice. A total of 12 944 patients from 37 countries and 818 sites were enrolled, and 12 702 who were alive and free from recurrent MI at 30 days after randomization were considered in the current analysis. All enrolled patients had acute symptoms of coronary ischaemia within 24 h before hospital presentation and at least one of the following findings: a cardiac troponin (I or T) or creatine kinase-MB level that was higher than the upper limit of the normal range or a new ST-segment depression of >0.1 mV or transient ST-segment elevation (<30 min) of >0.1 mV in at least two contiguous leads. Also, at least two of the following criteria were required: age 55 years; previous MI, percutaneous coronary intervention (PCI), or coronary artery bypass grafting (CABG); or presence of diabetes mellitus or peripheral arterial disease.
Study procedures
Patients were randomly assigned in a 1:1 ratio to receive vorapaxar (a loading dose of 40 mg and a daily maintenance dose of 2.5 mg thereafter), which is an oral protease-activated receptor 1 antagonist, or matching placebo. Type and timing of revascularization were at the discretion of the operating physician. Concomitant antiplatelet treatments were also decided by the treating physician and according to international guidelines; >90% of patients were treated with clopidogrel during the index ACS hospitalization.
Endpoints
The endpoint of interest for this analysis was all-cause death. We aimed to assess the association of mortality with (i) any MI and (ii) bleeding that was not related to CABG. We only included MI and bleeding events that occurred at least 30 days after randomization. This time window was justified by the need to focus only on late events occurring in patients already stabilized post-ACS, excluding early events that are largely influenced by in-hospital interventional or surgical procedures. Bleeding events were graded according to the Bleeding Academic Research Consortium (BARC) criteria. 21 In brief, BARC bleeding was defined as fol- 22 An independent clinical events committee (CEC) adjudicated all events. Definitions were previously described. 20 Bleeding events were classified by the CEC according to the TIMI (Thrombolysis In Myocardial Infarction) and GUSTO (Global Use of Strategies to Open Occluded Coronary Arteries) definitions. The BARC classification was derived with an algorithm on data points adjudicated by the CEC. The ethics committee or institutional review board of each participating institution approved the study protocol, and written informed consent was required prior to study inclusion. The study was conducted in accordance with the principles of the Declaration of Helsinki. The Duke University Institutional Review Board approved the use of the TRACER database for secondary analyses.
Statistical analysis
Demographic and baseline variables were summarized by the worst BARC bleeding event experienced from 30 days postrandomization (see Supplementary material online, Table S1 ) and by whether an MI occurred during this period (see Supplementary material online, Table S2 ). Continuous variables were presented as medians (inter-quartile ranges), and categorical variables were presented as counts (proportions). All-cause mortality risk was investigated using Cox proportional hazards models. All models described below included covariates for MI and Prognostic impact of myocardial infarction vs.
BARC bleeding during the first 30 days postrandomization, as well as age, body mass index, female sex, Killip class 2 at enrolment, history of peripheral arterial disease, prior stroke, prior MI, hypertension, hyperlipidaemia, diabetes mellitus, smoker at enrolment, and systolic blood pressure at enrolment. Randomized treatment was not included as a covariate in the models because of the lack of association with all-cause mortality. 20 MI and BARC bleeding events after 30 days were included as time-dependent binary indicators. Risk of recurrent events has been modelled taking into account the first occurrence of such an event, whereas in case of events of different severity (i.e. BARC 2 followed by BARC 3 bleeding), these have been considered as separate covariates. Hazard ratios (HRs) and P-values for the risk of all-cause death associated with post-30-day bleeding and post-30-day MI events were obtained from Model 1-BARC 3a, 3b, and 3c bleeding events were treated the same as BARC 3 bleeding events ( Table 1 )-and from Model 2, where they were evaluated separately ( Table 2) . The relative hazard of MI vs. bleeding events was estimated from the same models. Additional analyses investigated the time-dependent nature of the risk of death associated with post-30-day bleeding and MI events as a function of the time elapsed since the event. In these analyses, the natural log of the hazard of death was modelled as a function of (i) natural log, (ii) square root, (iii) quadratic, and (iv) piecewise linear function (with separate slopes for 0-30 days and after 30 days) of time elapsed since the bleeding or MI event.
The best-fitting model was selected using the Akaike Information Criterion. For patients who experienced both a bleeding event and an MI, both events were counted and each was considered individually as predictors of death (i.e. the models included covariates for MI and bleeding events). All statistical tests were performed at a significance level of 0.05. All analyses were performed at the Duke Clinical Research Institute (Durham, NC, USA) using SAS software, version 9.4 (SAS Institute Inc., Cary, NC, USA). 
Results
In the TRACER trial, a total of 12 702 patients were alive and free from any recurrent MI at 30 days. A total of 718 patients (5.6%) suffered a recurrent MI 30 days after the index event, most of which were spontaneous ( Table 3) . Bleeding events occurring during study follow-up were distributed as follows: BARC 1 occurred in 878 patients (6.9%); BARC 2 occurred in 712 patients (5.6%); BARC 3 occurred in 346 patients (2.7%) ( Table 1) . More than one post-30-day MI occurred in 0.98% of patients during follow-up, whereas multiple BARC 2 or 3 bleeding events occurred in 1.39%. The proportion of patients experiencing both bleeding and MI during follow-up was 1.46%, with similar rates of patients experiencing an MI first (0.72%) or bleeding first (0.75%) (Figure 1 ). Demographic and clinical characteristics of patients experiencing bleeding and MI events are presented in the Supplementary materia online, Tables S1 and S2, respectively. Patients with vs. without bleeding were older; more often affected by dyslipidaemia or diabetes; and more often had a history of stroke, peripheral vascular disease, and atrial fibrillation. Patients with vs. without MI were older and more often affected by hypertension, dyslipidaemia, diabetes, and other comorbidities.
Mortality following bleeding or myocardial infarction
Death occurred in 500 patients (3.9%) at the end of follow-up. 1.31 ; P ¼ 0.551), whereas BARC 2 and 3 bleeding types were associated with a significant increase in the risk of mortality, with a progressive increase in risk with more severe categories of bleeding ( Table 1) . When BARC 3 major bleeding subcategories (BARC 3a, 3b, and 3c) were separately included in a second multivariate-adjusted model for mortality, a consistent risk progression among more severe bleeding events was also noted ( Table 2) . The prognostic impact was independent from the randomized treatment with vorapaxar for both MI (P int ¼ 0. 19 ) and different bleeding types (BARC 1: P int ¼ 0.61; BARC 2: P int ¼ 0.20; BARC 3:
Relative impact of bleeding vs. myocardial infarction on mortality
The relative impact on mortality of an MI vs. a bleeding event is displayed graphically in Figure 2 . (Figure 2 ).
Time relation of bleeding and myocardial infarction with hazard of mortality
The time-pattern of the associated hazard of mortality was similar between MI and bleeding events. For both MI and bleeding, the risk of death was higher early after the event; it rapidly dissipated in the subsequent days, but it still kept a significant prognostic impact for several months thereafter. The mortality risk was no longer significantly different from that in patients without an MI or bleeding event 215 days after an MI; 183 days after a BARC 2 minor bleeding event; and 538, 239, and 113 days for BARC 3a, 3b, and 3c bleeding, respectively ( Figure 3 ).
Discussion
We have confirmed the prognostic significance of MI and bleeding occurring late after hospitalization, and found that the relative prognostic impact of MI compared with bleeding markedly varied based on the severity of bleeding. The risk of mortality following an MI was three-fold higher compared with that of BARC 2 bleeding, whereas it was similar to that of BARC 3 bleeding. When BARC 3 subcategories were separately appraised, MI had a higher mortality risk than BARC 3a bleeding, and was substantially equivalent to the risk of mortality following BARC 3b bleeding. Importantly, the risk of death was highest after intracranial or intraocular haemorrhages (captured in the BARC 3c category), and it was 4.5-fold higher than the risk of bleeding following MI. Our analysis was based on centrally adjudicated events and analysed bleeding according to a standardized, widely accepted and reproducible bleeding definition. Prior analyses have observed a similarly increased risk of mortality between spontaneous MI and bleeding during a 4 year follow-up. 23 However, this consideration might largely depend on bleeding definition and the type of bleeding Figure 2 Differential impact of myocardial infarction vs. bleeding on mortality. Blue rhombuses represent the magnitude (adjusted hazard ratio) of the impact on mortality of late myocardial infarction, whereas red rhombuses represent that of bleeding of different severity. On the right part of the figure, the estimate of the relative risk (ratio of the hazard ratios) for each category is presented. *The estimates of the impact of events on mortality is derived from Model 1, including BARC 3 bleeding as a single category. †The estimates of the impact of events on mortality is derived from Model 2, including BARC 3 bleeding subcategories separately. MI, myocardial infarction. explored. 24 In fact, accounting for bleeding severity, we found that recurrent MI had higher prognostic impact on mortality than bleeding, except for BARC 3c categories. This information is of major importance, as it indicates that it might be fair to pursue a more potent antiplatelet regimen to avoid an MI even at the expense of mild-to-moderate bleeding in patients with high ischaemic risk. In addition, our data suggest that combining all bleeding, including minor bleeds that are more frequent but less prognostically significant, into a safety endpoint or net clinical outcome including MI may pose significant challenges in interpreting the clinical benefit of drugs. The temporal association with mortality was similar between MI and minor or major bleeding. Although the highest risk of mortality was present in the first week after the event, its magnitude rapidly decreased thereafter, despite remaining elevated for several months. Prior studies assessing the temporal association of ischaemia and bleeding with mortality have had contrasting results. 16, 18 In one report based on an NSTE MI population, the impact of bleeding was sustained over time up to 1 year after the event, whereas the impact of MI rapidly dissipated and was no longer significant after 30 days. 16 In a second report focusing on ST-segment elevation MI patients, recurrent MI had a more long-lasting effect on mortality (>1 year), whereas severe bleeding did not have a significant impact on mortality as early as 30 days after the event. 18 A similar result in an all-ACS population was observed by Hochholzer et al., 19 who found the risk of bleeding being no more significantly elevated 40 days after the event. Reconciling these inconsistent results is challenging as they concern different populations, different types and definitions of events, and different statistical methods. Accordingly, further studies are needed to confirm the time-association pattern between MI and bleeding with mortality.
The findings of our analysis might also help explain the efficacy/ safety balance of recent clinical trials exploring newer strategies of prolonged DAPT, which have demonstrated an ischaemic benefit obtained at the expense of increased bleeding complications. 14, 15, 25, 26 The PEGASUS-TIMI 54 (Prevention of Cardiovascular Events in Patients with Prior Heart Attack Using Ticagrelor Compared to Placebo on a Background of Aspirin-Thrombolysis in Myocardial Infarction 54) trial tested the effect of a long course of treatment with two different doses of ticagrelor (90 and 60 mg) vs. placebo in patients with an MI that occurred 1-3 years earlier. 15 Ticagrelor reduced the primary efficacy endpoint by an absolute 1.2%, mainly by reducing MIs and stroke, but with no significant impact on mortality. Interestingly, the treatment with ticagrelor also increased major bleeding to a similar extent. The DAPT trial included patients treated with drug-eluting stents, who after a 12 month run-in phase of standard DAPT with thienopyridines were randomized to stop or continue the P2Y 12 inhibitor. 14 After 30 months, patients randomized to an extended DAPT course showed a reduction of ischaemic events at the expense of a similar increase. Taken together, these trials and our current findings strongly suggest that DAPT duration should be weighed considering the ischaemic vs. bleeding risk profile of the patient, as both complications may concur to significantly increase mortality, with comparative effects that largely depend on the bleeding severity. 14, 15, [27] [28] [29] Net clinical benefit outcomes have become a popular endpoint to account for both efficacy and bleeding effect. However, there is an intrinsic risk of misinterpretation when heterogeneity among components exists with respect to either importance, number of events, or magnitude of treatment effect. 30 In this scenario, one can imagine that if the directions of minor bleeding and MI are different, but minor bleeding occurs more frequently, the net clinical benefit will be pushed towards the treatment with fewer events, irrespective of their clinical significance. To overcome this limitation of the classic time-to-event analysis, alternative statistical approaches have been proposed. [31] [32] [33] These methods rank or weigh events according to their clinical significance, minimizing imbalances from differences in direction and magnitude of single components of the endpoint. However, the evidence regarding how various bleeding types should be weighed in combined endpoints against MI is so far limited. Hence, our study could be useful, informing a more objective way to rank/ weigh ischaemic and bleeding events. The limitations of our study must be acknowledged. This is a post hoc analysis, and the interplay between MI, bleeding, and mortality is very complex; we could not account for all possible factors implicated in their causal relationship. Second, we did not evaluate the prognostic impact of MI subcategories; however, because we excluded events occurring during the first 30 days, PCI-and CABGrelated MI were observed rarely. Finally, although bleeding events were stratified by severity, we did not have a systematic measure of infarct severity or size. For example, imaging assessing infarct size or changes in ejection fraction are typically not systematically performed in large phase 3 randomized clinical trials and were not available in TRACER. It is likely to expect a different impact on mortality of events related with larger areas of myocardium at risk and/or with proximal segments of the coronary arteries.
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Conclusions
Recurrent MI occurring 30 days after hospitalization for NSTE ACS appeared to be associated with a higher risk of mortality compared with mild-to-moderate bleeding, and had a similar prognostic implication compared with severe, non-intracranial bleeding. Intracranial and intraocular bleeding were associated with a mortality risk that was higher than for MI. These findings may help interpret the riskand-benefit profile of antithrombotic medications.
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